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(57) ABSTRACT

A substrate mspection system includes a floating unit that
floats a substrate, an 1nspection unit disposed above the
floating unit, a grip unit disposed below the mspection unit
and including a first grip member that holds the substrate on
the floating unit, a grip transier unit that moves the grip unit
in a first direction, and an 1llumination unit that generates
light. The inspection unit inspects the substrate that floats on
the floating unit, the illumination unit 1s disposed on a
moving path of the grip unit, and the light generated by the
illumination unit 1s irradiated onto the mspection unit. The
first grip member 1ncludes a first adsorption pad that adsorbs
the substrate, and a first support member that supports the
first adsorption pad and that includes a first opening into
which the illumination unit 1s nserted.
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FIG. 11
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GRIP APPARATUS AND SUBSTRATE
INSPECTION SYSTEM INCLUDING THE
SAME, AND METHOD OF
MANUFACTURING SEMICONDUCTOR
DEVICE USING THE SUBSTRATE
INSPECTION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This U.S. nonprovisional patent application claims prior-
ity under 35 U.S.C. § 119 to Korean Patent Application No.

10-20177-0124464 filed on Sep. 26, 2017/, the disclosure of
which 1s hereby incorporated by reference in 1ts entirety.

TECHNICAL FIELD

Exemplary embodiments of the inventive concept relate
to a grip apparatus and a substrate inspection system 1nclud-
ing the same, and a method of manufacturing a semicon-
ductor device using the substrate mspection system.

DISCUSSION OF THE RELATED ART

As semiconductor processes become more complex, the
importance of inspecting particles produced on semiconduc-
tor devices 1s increasing. The inspection of particles on
semiconductor substrates, and the reduction of particles,
may 1mprove the reliability of semiconductor devices and
may increase process vield. An optical apparatus may be
used to mspect particles on semiconductor substrates.

SUMMARY

Exemplary embodiments of the inventive concept provide
a grip apparatus for reducing or minimizing a non-inspected
area(s) ol a substrate, and a substrate i1nspection system
including the same.

According to an exemplary embodiment of the inventive
concept, a substrate inspection system includes a floating
unit that floats a substrate, an imnspection unit disposed above
the floating unit, a grip unit disposed below the inspection
unit and including a first grip member that holds the sub-
strate on the floating unit, a grip transier unit that moves the
orip unit 1 a first direction, and an i1llumination unit that
generates light. The inspection unit mspects the substrate
that floats on the floating unit, the i1llumination unit 1s
disposed on a moving path of the grip unit, and the light
generated by the illumination unit 1s irradiated onto the
ispection unit. The first grip member includes a {irst
adsorption pad that adsorbs the substrate, and a first support
member that supports the first adsorption pad and that
includes a first opening into which the 1llumination unit 1s
inserted.

According to an exemplary embodiment of the inventive
concept, a substrate inspection system includes a floating
unit that floats a substrate, a grip unit that holds the substrate
on the floating unit, a first 1llumination member disposed
between the first and second grip members, and a grip
transier unit that moves the grip unit. The grip unit includes
a {irst grip member and a second grip member spaced apart
from each other, and the first 1llumination member irradiates
a light onto the substrate. Each of the first and second grip
members includes an adsorption pad that adsorbs the sub-
strate, a support stand disposed below the adsorption pad
and spaced apart from the adsorption pad 1n a direction away
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from the first i1llumination member, and a support plate
connecting the adsorption pad to the support stand.

According to an exemplary embodiment of the imventive
concept, a grip apparatus includes a tray, a first grip member
disposed on the tray, and a second grip member disposed on
the tray and spaced apart from the first grip member 1n a first
direction. The first grip member includes a first support
member including a first support plate spaced apart from the
tray, a first support stand connecting the first support plate to
the tray, a first opening, and a first adsorption pad. The first
opening extends 1n a first direction between a first lateral
surface of the first support plate and an inner surface of the
first support stand. The first lateral surface faces the second
orip member. The first adsorption pad 1s disposed on the first
support plate and adsorbs a substrate, and 1s adjacent to the
first lateral surface.

According to an exemplary embodiment of the imnventive
concept, a method of manufacturing a semiconductor device
includes forming the semiconductor device using a sub-
strate, and testing the substrate using a substrate ispection
system. Testing the substrate using the substrate mspection
system includes floating the substrate using a tloating unit of
the substrate inspection system, and holding the substrate on
the floating unit using a grip unit of the substrate inspection
system. The grip unit includes a first grip member and a
second grip member spaced apart from each other. Testing
the substrate further includes moving the grip unit by a grip
transier unit of the substrate mspection system, and gener-
ating a light by an illumination member disposed between
the first and second grip members. The light 1s 1rradiated
onto the substrate. Testing the substrate further includes
inspecting the substrate tloating on the floating unit by an
ispection unit of the substrate imspection system. The light
1s 1rradiated onto the mspection unit through the substrate,
and the mspection unit inspects the substrate using the light
irradiated onto the inspection unit. Each of the first and
second grip members includes an adsorption pad that
adsorbs the substrate, a support stand disposed below the
adsorption pad and spaced apart from the adsorption pad 1n
a direction away from the i1llumination member, and a
support plate connecting the adsorption pad to the support
stand.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features of the present mventive
concept will become more apparent by describing in detail
exemplary embodiments therecof with reference to the
accompanying drawings, in which:

FIG. 1 illustrates a plan view showing a substrate ispec-
tion system according to an exemplary embodiment of the
inventive concept.

FIG. 2 illustrates a plan view partially showing the
substrate nspection system of FIG. 1 according to an
exemplary embodiment of the mnventive concept.

FIG. 3 illustrates a side view showing the substrate
ispection system of FIG. 1 according to an exemplary
embodiment of the inventive concept.

FIG. 4 illustrates a front view showing the substrate
ispection system ol FIG. 1 according to an exemplary
embodiment of the inventive concept.

FIG. 5 1illustrates a block diagram partially showing the
substrate inspection system of FIG. 1 according to an
exemplary embodiment of the mventive concept.

FIG. 6 illustrates an enlarged view showing section A of
FIG. 2 according to an exemplary embodiment of the
inventive concept.
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FIG. 7 illustrates a perspective view showing the grip unit
of FIG. 1 according to an exemplary embodiment of the

inventive concept.

FIG. 8 illustrates a cross-sectional view taken along line
I-I' of FIG. 7 according to an exemplary embodiment of the
inventive concept.

FIG. 9 1llustrates a front view showing a first gantry, first
optical members, and a first 1llumination member of FIG. 1
according to an exemplary embodiment of the inventive
concept.

FIG. 10 1illustrates a plan view showing a substrate
ispection system according to an exemplary embodiment of
the inventive concept.

FI1G. 11 illustrates a plan view showing a substrate inspec-
tion system according to an exemplary embodiment of the
iventive concept.

FIG. 12 illustrates a plan view partially showing the
substrate spection system of FIG. 11 according to an
exemplary embodiment of the mventive concept.

FIG. 13 illustrates a perspective view showing the grip
unit of FIG. 11 according to an exemplary embodiment of
the inventive concept.

FIG. 14 1llustrates a side view showing the guide member
of FIG. 11 according to an exemplary embodiment of the
inventive concept.

FIG. 15 illustrates a perspective view showing the grip
unit of FIG. 1 according to an exemplary embodiment of the
inventive concept.

FI1G. 16 1llustrates a cross-sectional view showing the grip
unit of FIG. 15 according to an exemplary embodiment of
the inventive concept.

FIGS. 17 to 20 illustrate schematic diagrams showing the
substrate mspection system of FIG. 1 operating 1n substrate
ispection according to an exemplary embodiment of the
inventive concept.

(Ll

DETAILED DESCRIPTION OF TH.
EXEMPLARY EMBODIMENTS

Exemplary embodiments of the present inventive concept
will be described more fully hereinafter with reference to the
accompanying drawings. Like reference numerals may refer
to like elements throughout the accompanying drawings.

Spatially relative terms, such as “beneath”, “below”,
“lower”, “under”, “‘above”, “upper”, etc., may be used
herein for ease ol description to describe one element or
teature’s relationship to another element(s) or feature(s) as
illustrated 1n the figures. It will be understood that the
spatially relative terms are intended to encompass different
orientations of the device 1n use or operation 1n addition to
the orientation depicted 1n the figures. For example, 11 the
device in the figures 1s turned over, elements described as
“below” or “beneath” or “under” other elements or features
would then be oriented “above” the other elements or
teatures. Thus, the exemplary terms “below” and “under”
can encompass both an orientation of above and below.

It will be understood that when a component, such as a
film, a region, a layer, or an element, 1s referred to as being
“on”, . “coupled t0”, or “adjacent to” another

on”’, “connected to”,
component, 1t can be directly on, connected, coupled, or
adjacent to the other component, or intervening components
may be present. It will also be understood that when a
component 1s referred to as being “between” two compo-
nents, 1t can be the only component between the two
components, or one or more intervening components may
also be present. It will also be understood that when a
component 1s referred to as “covering” another component,
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it can be the only component covering the other component,
Or one or more intervening components may also be cover-
ing the other component.

It will be understood that the terms “first,” “‘second.”
“third,” etc. are used herein to distinguish one element from
another, and the elements are not limited by these terms.
Thus, a “first” element 1n an exemplary embodiment may be
described as a “second” element in another exemplary
embodiment.

Herein, when two or more elements or values are
described as being substantially the same as or about equal
to each other, it 1s to be understood that the elements or
values are identical to each other, indistinguishable from
cach other, or distinguishable from each other but function-
ally the same as each other as would be understood by a
person having ordinary skill in the art. It will be further
understood that when two components or directions are
described as extending substantially parallel or perpendicu-
lar to each other, the two components or directions extend
exactly parallel or perpendicular to each other, or extend
approximately parallel or perpendicular to each other as
would be understood by a person having ordinary skill in the
art.

FIG. 1 illustrates a plan view showing a substrate ispec-
tion system according to an exemplary embodiment of the
inventive concept. FIG. 2 illustrates a plan view partially
showing the substrate inspection system of FIG. 1 according,
to an exemplary embodiment of the inventive concept. FIG.
3 illustrates a side view showing the substrate 1nspection
system of FIG. 1 according to an exemplary embodiment of
the mnventive concept. FIG. 4 illustrates a front view show-
ing the substrate ispection system of FIG. 1 according to an
exemplary embodiment of the inventive concept. FIG. 5
illustrates a block diagram partially showing the substrate
ispection system ol FIG. 1 according to an exemplary
embodiment of the inventive concept. FIG. 6 illustrates an
enlarged view showing section A of FIG. 2 according to an
exemplary embodiment of the mventive concept.

Referring to FIGS. 1 to 6, a substrate inspection system 10
according to exemplary embodiments of the inventive con-
cept uses light to inspect whether a defect(s) 1s present on a
substrate that 1s used to manufacture a semiconductor
device. The substrate allows light to pass therethrough. For
example, the substrate may be or may include a glass panel
that allows light to pass therethrough. However, exemplary
embodiments of the inventive concept are not limited
thereto. The substrate inspection system 10 may include a
base 100, a gantry 400, a floating unit 200, a first substrate
transfer unit 150, an illumination unit 300, an 1llumination
moving unit 350, an mspection unit 500, a second substrate
transter unit 600, and a controller 700.

The base 100 supports components of the substrate
ispection system 10. For example, the base 100 may
support the gantry 400, the tloating unit 200, a portion of the
second substrate transfer unit 600, the 1llumination unit 300,
and the first substrate transfer unit 150.

The floating unit 200 may cause the substrate to float
above the floating unit 200. For example, the floating unit
200 may 1ject gas G (e.g., air) toward the substrate, thereby
floating the substrate. In this description, the term “float”
means that the substrate floats above the floating unit 200
while being spaced apart from the floating unit 200.

The floating unit 200 may be placed on a top surface 110
of the base 100. The floating unit 200 may include a plurality
of floating stages 210, 220, 230, 240, 250, and 260 that are
spaced apart from one another, and a gas supply that supplies
the gas G to the floating stages 210 to 260.
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The floating stages 210 to 260 may be, when viewed 1n a
plan view, arranged along a first direction D1 and a second
direction D2 substantially perpendicular to the first direction
D1, as shown 1n FIG. 1. Each of the floating stages 210 to
260 may include a plurality of spray holes SH on 1ts top
surface, as shown in FIG. 6. The spray holes SH may be,
when viewed 1n a plan view, arranged along the first and
second directions D1 and D2, as shown in FIG. 6. Each of
the ﬂoatmg stages 210 to 260 may be configured such that
the gas G 1s mjected upward through the spray holes SH.
Accordingly, the substrate may float above the floating
stages 210 to 260 as a result of the gas G being njected
upward through the spray holes SH. FEach of the floating
stages 210 to 260 may include a plurality of through holes
TH on 1its top surface, as shown i FIG. 6. The plurality of
through holes TH may be arranged along the first and second
directions D1 and D2, as shown 1n FIG. 6.

In an exemplary embodiment, the floating unit 200 may
include first to sixth floating stages 210, 220, 230, 240, 250,
and 260. Each of the first to sixth floating stages 210 to 260
may be provided 1n the form of a rectangle when viewed in
a plan view. However, exemplary embodiments of the
iventive concept are not limited thereto.

The second floating stage 220 may be spaced apart from
the first floating stage 210 in the first direction D1, as shown
in FIGS. 1 and 2. In such a configuration, a first space S1
may be disposed between the first and second floating stages
210 and 220, as shown 1n FIG. 2.

The third floating stage 230 may be spaced apart from the
first floating stage 210 1n the second direction D2, as shown
in FIGS. 1 and 2. Accordingly, a second space S2 may be
disposed between the first and third floating stages 210 and
230, as shown 1n FIG. 2.

The fourth floating stage 240 may be spaced apart from
the second floating stage 220 in the second direction D2, as
shown 1 FIGS. 1 and 2. The fourth floating stage 240 may
be spaced apart from the third floating stage 230 1n the first
direction D1, as shown 1in FIGS. 1 and 2. Therefore, a third
space S3 may be disposed between the third and fourth
floating stages 230 and 240, and a fourth space S4 may be
disposed between the second and fourth floating stages 220
and 240, as shown 1n FIG. 2.

The fifth floating stage 250 may be spaced apart from the
second floating stage 220 1n the first direction D1, as shown
in FIGS. 1 and 2. Thus, a fifth space S5 may be disposed
between the second and fifth floating stages 220 and 250.

The sixth floating stage 260 may be spaced apart from the
fifth floating stage 250 1n the second direction D2, as shown
in FIGS. 1 and 2. The sixth floating stage 260 may be spaced
apart from the fourth tfloating stage 240 1n the first direction
D1, as shown 1 FIGS. 1 and 2. Therefore, a sixth space 56
may be disposed between the fifth and sixth floating stages
250 and 260, and a seventh space S7 may be disposed
between the fourth and sixth floating stages 240 and 260, as
shown 1n FIG. 2.

The second, fourth, and sixth spaces S2, S4, and S6 may
be, when viewed 1n a plan view, sequentially arranged along
the first direction D1, as shown in FIG. 2. The second,
fourth, and sixth spaces S2, S4, and S6 may lie on the same
line. For example, the second, fourth, and sixth spaces S2,
S4, and S6 may be aligned with one another 1n the first
direction D1 to form a continuous space extending in the
first direction D1 between the floating stages. Hereinafter, an
area overlapping (e.g., vertically overlapping) the second,
fourth, and sixth spaces S2, S4, and S6 1s called a movement
area MA of a grip unit 610. The movement area MA may be,
when viewed 1n a plan view, formed along the first direction
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D1, as shown 1n FIG. 2. The movement area MA 1s formed
by a combination of the second, fourth, and sixth spaces S2,
S4, and S6. In an exemplary embodiment, the movement

arca MA may extend across the floating unit 200 along the
first direction D1.
Each of the first, third, fifth, and seventh spaces S1, S3,

S5, and S7 may extend, when viewed 1n a plan view, along
the second direction D2, as shown 1n FIG. 2. The first and
third spaces S1 and S3 may lie on the same line. For
example, the first and third spaces S1 and S3 may be aligned
with one another in the second direction D2 to form a
continuous space extending in the second direction D2
between some of the floating stages, as shown in FIG. 2.
Heremafter, an area overlapping (e.g., vertically overlap-
ping) the first and third spaces S1 and S3 1s called a first
inspection area IA1.

The fifth and seventh spaces S5 and S7 may lie on the
same line. For example, the fifth and seventh spaces S5 and
S7 may be aligned with one another in the second direction
D2 to form a continuous space extending in the second
direction D2 between some of the floating stages, as shown
in FIG. 2. An area overlapping (e.g., vertically overlapping)
the fifth and seventh spaces S5 and S7 1s called a second
inspection area 1A2. The first and second inspection areas
IA1 and IA2 may extend across the floating unit 200 1n the
second direction D2, as shown i FIG. 2. In an exemplary
embodiment, the first and second inspection areas IA1 and
IA2 may substantially intersect (e.g., substantially vertically
intersect) the movement area MA. For example, as shown 1n
FIG. 2, the first and second inspection areas 1Al and 1A2
extend 1n the second direction D2, and the movement area
MA extends 1n the first direction D1. In an exemplary
embodiment, the first and second directions D1 and D2 are
substantially perpendicular to each other. Thus, 1n an exem-
plary embodiment, the first and second inspection areas 1A1
and IA2 extend substantially perpendicular to the movement
area MA and intersect the movement areca MA.

The first substrate transfer unit 150 may transfer the
substrate to the floating unit 200. In an exemplary embodi-
ment, the first substrate transfer unit 150 may transter the
substrate that does not tloat by the floating unit 200. The first
substrate transfer unit 150 may transfer the substrate in the
first direction D1. The first substrate transfer unit 150 may
be placed on the top surface 110 of the base 100. The first
substrate transier unit 150 may include a plurality of rollers
151, a rotating part, and an elevating part 153.

The rollers 151 may be, when viewed 1n a plan view,
arranged along the first and second directions D1 and D2.
The rollers 151 may overlap (e.g., vertically overlap) the
through holes TH, as shown 1n FIG. 3. The elevating part
153 may raise or lower the rollers 151. The elevating part
153 may thus pass the rollers 151 through the through holes
TH. The elevating part 153 may be or may include a
hydraulic or pneumatic cylinder. However, exemplary
embodiments of the iventive concept are not limited
thereto. The rotating part may rotate the rollers 151. The
rotating part may be or may include a rotary motor. How-
ever, exemplary embodiments of the inventive concept are
not limited thereto.

The gantry 400 may be disposed on the top surface 110 of
the base 100, as shown 1n FIG. 3. In an exemplary embodi-
ment, the gantry 400 may include a first gantry 410 and a
second gantry 420 spaced apart from the first gantry 410 1n
the first direction D1. The first and second gantries 410 and
420 may be rigidly connected to the base 100. The first and
second gantries 410 and 420 may have the same structure as
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cach other. The gantry 400 will be described below in further
detail with reference to FIG. 9.

The imspection unit 500 may be disposed above the
floating unit 200, the 1llumination unit 300, and the grip unit
610, as shown 1n FIG. 3. For example, the mspection unit
500 may be spaced apart from the floating unit 200, the
illumination unit 300, and the grip unit 610 1 a third
direction D3 that 1s substantially perpendicular to the first
and second directions D1 and D2. The mspection unit 500
may be engaged with the gantry 400 (e.g., the inspection unit
500 and the gantry 400 may be physically coupled to each
other). The mspection unit 500 may mspect the substrate that
floats by the floating unit 200. The mspection unit 300 may
include a plurality of optical members 510 and 520, and an
optical-member moving part that moves the optical mem-
bers 510 and 520.

The plurality of optical members 510 and 3520 may
include first optical members 510 that are movably engaged
with the first gantry 410, and second optical members 520
that are movably engaged with the second gantry 420. In an
exemplary embodiment, the first and second optical mem-
bers 510 and 520 may include charge-coupled device cam-
eras. However, exemplary embodiments of the inventive
concept are not limited thereto. The first and second optical
members 510 and 520 may use light generated by first and
second 1llumination members 310 and 320 which will be
discussed below, thereby photographing the substrate.
Accordingly, the first and second optical members 510 and
520 may obtain 1image information I of the substrate. The
obtained 1mage information I may be transmitted to the
controller 700.

The first optical members 510 may be arranged at a
regular distance along the second direction D2. For example,
in an exemplary embodiment, the distance between adjacent
first optical members 510 arranged 1n the second direction
D2 1s about equal for all of the first optical members 510.
The first optical members 510 may overlap (e.g., vertically
overlap) the first and third spaces S1 and S3. For example,
the first optical members 510 may be positioned within the
first mspection area 1Al (see FIG. 2).

The second optical members 520 may be arranged at a
regular distance along the second direction D2. For example,
in an exemplary embodiment, the distance between adjacent
second optical members 520 arranged in the second direc-
tion D2 1s about equal for all of the second optical members
520. The second optical members 520 may overlap (e.g.,
vertically overlap) the fifth and seventh spaces S5 and S7.
For example, the second optical members 520 may be
positioned within the second inspection area 1A2 (see FIG.
2).

The optical-member moving part may drive each of the
optical members 510 and 520 to reciprocally move 1n the
second direction D2 and a reverse direction opposite to the
second direction D2. Accordingly, each of the optical mem-
bers 310 and 520 may mnspect a portion of the substrate,
while reciprocally moving a certain distance. In an exem-
plary embodiment, the optical-member moving part may be
or may include a linear motor. However, exemplary embodi-
ments of the mventive concept are not limited thereto.

The illumination unit 300 may generate light L. i a
direction toward the mspection unit 500, thereby 1rradiating
the mspection unit 500 with the light L. For example, the
light . generated by the illumination unit 300 may be
irradiated onto the substrate, and pass through the substrate
to also be wrradiated onto the inspection unit 300. In an
exemplary embodiment, the i1llumination unit 300 1s dis-
posed beneath the mspection unit 300 and the floating unit
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200, and the substrate 1s positioned between the 1llumination
unit 300 and the mspection unit 500. In such a configuration,
the 1llumination unit 300 may generate the light L 1n a
direction toward the substrate on the floating unit 200,
thereby irradiating the substrate with the light L (see FIG.
18). The illumination unit 300 may be disposed on a moving
path of the grip unit 610, while running across the moving
path of the grip unit 610, which will be discussed further
below. The illumination umt 300 may include one or more
illumination members 310 and 320. For example, the grip
unit 610 moves 1n the movement area MA (see FIG. 2), and
a portion of the i1llumination umt 300 1s disposed 1n the
movement area MA 1n which the grip unit 610 moves. For
example, as shown 1 FIGS. 1 and 2, the first illumination
member 310 extends in the second direction D2 1n an area
corresponding to the first inspection area 1Al and crosses the
movement areca MA, resulting in a portion of the first
illumination member 310 being disposed on a moving path
of the grip umit 610. Similarly, the second illumination
member 320 extends in the second direction D2 1n an area
corresponding to the second 1nspection area IA2 and crosses
the movement area MA, resulting in a portion of the second
illumination member 320 being disposed on a moving path
of the grip unit 610.

In an exemplary embodiment, the 1llumination umt 300
may include a first 1llumination member 310 and a second
1llumination member 320 spaced apart from the first 1llumi-
nation member 310 1n the first direction D1, as shown 1n
FIG. 3. Each of the first and second 1llumination members
310 and 320 may have a bar shape elongated along the
second direction D2. The first and second illumination
members 310 and 320 may generate the light L 1n an upward
direction.

The first 1llumination member 310 may be disposed
between the first and second floating stages 210 and 220
and/or between the third and fourth floating stages 230 and
240. The first 1llumination member 310 may overlap (e.g.,
vertically overlap) the first and third spaces S1 and S3. For
example, the first 1llumination member 310 may be posi-
tioned within the first inspection area IA1l. The first 1llumi-
nation member 310 may overlap (e.g., vertically overlap) the
first optical members 510.

The second i1llumination member 320 may be disposed
between the second and fifth floating stages 220 and 250
and/or between the fourth and sixth floating stages 240 and
260. The second illumination member 320 may overlap
(e.g., vertically overlap) the fifth and seventh spaces S5 and
S7. The second 1llumination member 320 may be positioned
within the second inspection area 1A2. The second 1llumi-
nation member 320 may overlap (e.g., vertically overlap) the
second optical members 520. Each of the first and second
illumination members 310 and 320 may have a height H1
(see FIG. 4). In this description, the term “height” denotes
a length 1n the third direction D3.

The 1llumination moving unit 350 may provide a driving,
force to the 1llumination unit 300. The i1llumination moving
unit 350 may therefore move the 1llumination unit 300. In an
exemplary embodiment, the i1llumination moving unit 350
may drive the first and second 1llumination members 310
and 320 to move them in the second direction D2 and 1n a
reverse direction opposite to the second direction D2. The
i1llumination moving unit 350 may be or may include a linear
motor. However, exemplary embodiments of the mmventive
concept are not limited thereto.

The second substrate transfer unit 600 may drive the
substrate to move on the tloating unit 200. For example, the
second substrate transier unit 600 may transfer the substrate
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that floats by the floating unit 200. The second substrate
transier unit 600 may include the grip unit 610 and a grip
transfer unit 650, as shown 1n FIG. 1.

The grip unit 610 may hold the substrate on the floating
unit 200. The grip unit 610 may be disposed beneath the
ispection unit 500. In an exemplary embodiment, the grip
unit 610 may lie on the movement area MA. For example,
the grip unit 610 may be disposed 1n and move within the
movement areca MA. The grip unit 610 may include a first

orip member 611, a second grip member 612, and a tray 613,
as shown in FIG. 3.

The first and second grip members 611 and 612 may hold
the substrate. For example, the first and second grip mem-
bers 611 and 612 may grip an edge of the substrate. The
second grip member 612 may be spaced apart from the first
orip member 611 in the first direction D1. The first and
second grip members 611 and 612 may be spaced apart from
cach other across the 1llumination unit 300. For example, the
illumination unit 300 may lie between the first and second
orip members 611 and 612, as shown 1n FIG. 3. The grip unit
610 will be discussed below 1n further detail.

The grip transtier unit 650 may move the grip unit 610. For
example, the grip transier unit 650 may drive the grip unit
610 to move the grip unit 610 1n the first direction D1 and
in a reverse direction opposite to the first direction D1. In an
exemplary embodiment, the grip transfer unit 650 may drive
the grip unit 610 to reciprocally move within the movement
areca MA. Accordingly, the grip transfer unit 650 may drive
the grip unit 610 to move between the first and third floating
stages 210 and 230, between the second and fourth floating
stages 220 and 240, and between the fifth and sixth floating
stages 250 and 260. In this sense, the floating unit 200 may
not interfere when the grip transier unit 650 moves the grip
unit 610.

The grip transfer unit 650 may move the tray 613 to
thereby transier the grip unit 610. Therefore, the grip trans-
fer unit 650 may simultaneously move the first and second
orip members 611 and 612 that are positioned on the tray
613. The grip transier unit 650 may include various driving
means capable of moving the grip unit 610. For example, the
or1p transier unit 650 may include a linear motor. However,
the grip transier unit 650 1s not limited thereto.

The controller 700 may control operations of the first
substrate transier unit 150, the floating unit 200, the grip unit
610, the grip transfer unit 650, the 1llumination unit 300, and
the inspection unit 500. The controller 700 may use the
image mnformation I obtained by the mspection unit 500 to
detect defects of the substrate.

FI1G. 7 illustrates a perspective view showing a grip umit
of FIG. 1 according to an exemplary embodiment of the
inventive concept. FIG. 8 1llustrates a cross-sectional view
taken along line I-I' of FIG. 7 according to an exemplary
embodiment of the inventive concept.

Referring to FIGS. 3, 6, 7, and 8, the grip unit 610 may
include the first grip member 611, the second grip member
612, and the tray 613.

The tray 613 may support the first and second grip
members 611 and 612. The tray 613 may connect the first
and second grip members 611 and 612 that are spaced apart
from each other. The tray 613 may be elongated 1n the first
direction D1. The tray 613 may be placed beneath the
floating unit (see 200 of FIG. 3) and the 1llumination unit
(see 300 of FIG. 3). In an exemplary embodiment, the tray
613 may move along a rail provided on the base 100.

The first grip member 611 may be placed on the tray 613.
In an exemplary embodiment, the first grip member 611 may
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be adjacent to an end of the tray 613. The first grip member
611 may include a first adsorption pad 6111 and a first
support member 6112.

The first support member 6112 may support the first
adsorption pad 6111. The first support member 6112 may
have a first opening OP1 into which the illumination umit
300 1s imnserted. In an exemplary embodiment, the first
illumination member (see 310 of FIG. 3) may be inserted
into the first opening OP1.

As shown 1 FIGS. 7 and 8, the first support member 6112
may include a first lateral surface 6112q facing the second
orip member 612 and a third lateral surface opposite to the
first lateral surface 6112a. The first opening OP1 may be
recessed toward the third lateral surface from the first lateral
surface 6112a. For example, the first opening OP1 may
extend in the first direction D1 between the first lateral
surface 6112a and an mner surface 6113q of the first support
stand 6113. The first support member 6112 may include a
first support plate 6114 and a first support stand 6113. In an
exemplary embodiment, the first support plate 6114 and the
first support stand 6113 may be integrally formed as a single
body.

The first support plate 6114 may be spaced apart from the
tray 613 1n the third direction D3. The first support plate
6114 may have a top surface 6114a and a bottom surface
61145 facing each other. In this description, the term “fac-
ing” means positioned on opposing sides. The bottom sur-
face 61145 of the first support plate 6114 may face the tray
613. The first support plate 6114 may connect the first
adsorption pad 6111 and the first support stand 6113 that are
spaced apart from each other. The first support plate 6114
may have a rectangular shape when viewed 1 plan view.
However, exemplary embodiments of the inventive concept
are not limited thereto.

The first support stand 6113 may be located between and
connect the first support plate 6114 and the tray 613. The
first support stand 6113 may be disposed beneath the bottom
surface 61145 of the first support plate 6114. The first
support stand 6113 may be disposed on a top surface of the
tray 613. The first support stand 6113 may be disposed
below the first adsorption pad 6111.

The first support stand 6113 and the first adsorption pad
6111 may be spaced apart from each other in the first
direction D1, as shown 1n FIGS. 7 and 8. The first support
stand 6113 may be adjacent to a first end of the first support
plate 6114. The first support stand 6113 may include an inner
surface 6113a facing the second grip member 612 and an
outer surface 61135 opposite to the inner surface 6113a. The
first support stand 6113 may be disposed substantially
perpendicular to the first support plate 6114.

The first lateral surface 61124 may 1nclude a second end
of the first support plate 6114. The third lateral surface may
include the first end of the first support plate 6114 and the
outer surface 61135 of the first support stand 6113.

The first adsorption pad 6111 may adsorb the substrate.
For example, the first adsorption pad 6111 may be supplied
with negative pressure from an adsorption unit (e.g., a
vacuum pump), thereby holding the substrate. Thus, the first
orip member 611 may grip the substrate. The first adsorption
pad 6111 may include on 1ts top surface a plurality of inhale
holes IH.

The first adsorption pad 6111 may be disposed on the first
support member 6112. For example, the first adsorption pad
6111 may lie on the top surface 6114a of the first support
plate 6114, as shown 1n FIG. 8. The first adsorption pad 6111
may be adjacent to the second end of the first support plate
6114. The first adsorption pad 6111 may be spaced apart
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from the first support stand 6113 1n the first direction D1.
The first adsorption pad 6111 may include a resilient mate-
rial. For example, the first adsorption pad 6111 may include
an acrylonitrile-butadiene rubber.

The first opening OP1 may be defined by the first support
plate 6114 and the first support stand 6113. The first opening
OP1 may be disposed beneath the bottom surface 61145 of
the first support plate 6114. In an exemplary embodiment,
the first opening OP1 may be disposed between the first
support plate 6114 and the tray 613. For example, the first
opening OP1 may be located between the first adsorption
pad 6111 and the tray 613. The first opening OP1 may have
a height H2 greater than the height H1 of the first 1llumi-
nation member 310. The height H2 of the first opening OP1
may indicate a spacing distance between the tray 613 and the
bottom surface 61145 of the first support plate 6114. The first
opening OP1 may include a first overlapping area OA1 and
a first non-overlapping areca NOAL.

The first opening OP1 may have a portion that overlaps
the first adsorption pad 6111 and corresponds to the first
overlapping areca OA1. The first opeming OP1 may also have
another portion that does not overlap the first adsorption pad
6111 and that corresponds to the first non-overlapping area
NOAI1. The first non-overlapping area NOA1 may be posi-
tioned between the first overlapping area OA1 and the inner
surface 6113a of the first support stand 6113.

The second grip member 612 may be disposed on the tray
613. In an exemplary embodiment, the second grip member
612 may be adjacent to an opposite end of the tray 613. The
second grip member 612 may 1nclude a second adsorption
pad 6121 and a second support member 6122,

The second support member 6122 may support the second
adsorption pad 6121. The second support member 6122 may
have a second opening OP2 into which the i1llumination unit
300 1s mserted. In an exemplary embodiment, the second
illumination member (see 320 of FIG. 3) may be inserted
into the second opening OP2.

The second support member 6122 may include a second
lateral surface 6122a facing the first grip member 611 and a
tourth lateral surface opposite to the second lateral surface
6122a. The second opening OP2 may be recessed toward the
tourth lateral surface from the second lateral surface 6122a.
For example, the second opening OP2 may extend 1n the first
direction D1 between the second lateral surface 6122a and
an mner surface 6123a of the second support stand 6123.
The second support member 6122 may include a second
support plate 6124 and a second support stand 6123.

The second support plate 6124 may be spaced apart from
the tray 613 1n the third direction D3. The second support
plate 6124 may have a top surface 6124a and a bottom
surface 61245 facing each other. The bottom surface 61245
of the second support plate 6124 may face the tray 613. The
second support plate 6124 may connect the second adsorp-
tion pad 6121 and the second support stand 6123 that are
spaced apart from each other. The second support plate 6124
may have a rectangular shape when viewed 1n plan view.
However, exemplary embodiments of the inventive concept
are not limited thereto.

The second support stand 6123 may be located between
and connect the second support plate 6124 and the tray 613.
The second support stand 6123 may be disposed beneath the
bottom surface 61245 of the second support plate 6124. The
second support stand 6123 may lie on the top surface of the
tray 613. The second support stand 6123 may be positioned
below the second adsorption pad 6121.

The second support stand 6123 and the second adsorption
pad 6121 may be spaced apart from each other 1n the first
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direction D1, as shown i FIGS. 7 and 8. The second support
stand 6123 may be adjacent to a first end of the second
support plate 6124. The second support stand 6123 may
include an 1nner surface 6123q facing the first grip member
611 and an outer surface 61235 opposite to the 1inner surface
6123a. The second support stand 6123 may be disposed
substantially perpendicular to the second support plate 6124.

The second lateral surface 6122a may include a second
end of the second support plate 6124. The fourth lateral
surface may include the first end of the second support plate
6124 and the outer surface 61235 of the second support
stand 6123.

The first and second support members 6112 and 6122 may
include a material having excellent strength. For example,
the first and second support members 6112 and 6122 may
include aluminum (Al).

The second adsorption pad 6121 may adsorb the sub-
strate. The second adsorption pad 6121 may be 1dentically
configured to the first adsorption pad 6111. The second
adsorption pad 6121 may be disposed on the top surface
6124a of the second support plate 6124. The second adsorp-
tion pad 6121 and the second support stand 6123 may be
spaced apart from each other in the first direction D1.

The second opening OP2 may be defined by the second
support plate 6124 and the second support stand 6123. The
second opening OP2 may be disposed beneath the bottom
surface 61245 of the second support plate 6124. In an
exemplary embodiment, the second opening OP2 may be
disposed between the second support plate 6124 and the tray
613. The second opening OP2 may be located between the
second adsorption pad 6121 and the tray 613. The second
opening OP2 may have a height H2 greater than the height
H1 of the second illumination member 320. The height H2
of the second opening OP2 may indicate a spacing distance
between the tray 613 and the bottom surface 61245 of the
second support plate 6124. The second opening OP2 may
include a second overlapping arca OA2 and a second
non-overlapping area NOA?2.

The second opening OP2 may have a portion that overlaps
the second adsorption pad 6121 and corresponds to the
second overlapping area OA2. The second opemng OP2
may also have another portion that does not overlap the
second adsorption pad 6121 and that corresponds to the
second non-overlapping area NOA2. The second non-over-
lapping areca NOA2 may be positioned between the second
overlapping arca OA2 and the mner surface 6123a of the
second support stand 6123.

FIG. 9 illustrates a front view showing the first gantry, the
first optical members, and the first illumination member of
FIG. 1, according to an exemplary embodiment of the
inventive concept.

Referring to FIGS. 1, 5, and 9, the first gantry 410 may
include a first pillar member 411, a second pillar member
412, and a connection member 413. As described above, the
second gantry 420 may have the same structure as that of the
first gantry 410.

The first and second pillar members 411 and 412 may be
spaced apart from each other. For example, the second pillar
member 412 may be spaced apart from the first pillar
member 411 in the second direction D2.

The connection member 413 may connect the first and
second pillar members 411 and 412 to each other. The
connection member 413 may be spaced apart from the base
100 1n the third direction D3. Thus, a space may be disposed
between the connection member 413 and the base 100. The
space may accommodate a portion of the floating unit 200
and a portion of the grip unit 610.
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The connection member 413 may include a plurality of
first guides 4131 that are arranged at a regular distance along
the second direction D2. For example, in an exemplary
embodiment, the distance between adjacent first guides 4131
arranged 1n the second direction D2 1s about equal for all of
the first guides 4131. In an exemplary embodiment, the first
guide 4131 may be provided in the form of a groove
extending along the second direction D2. In an exemplary
embodiment, the first guide 4131 may be provided in the
form of a rail extending along the second direction D2.

The first optical members 510 may be engaged with the
first gantry 410. For example, the first optical members 510
may be movably installed on the connection member 413.
Each of the first optical members 510 may include a second
guide that moves along the first guide 4131. In an exemplary
embodiment, the second guide may be or may include a
guide protrusion inserted mto the first guide 4131. As
described above, the optical-member moving part may drive
the first optical members 510 to reciprocally move along the
first guides 4131.

The first illumination member 310 may include a plurality
of light sources 311 and a support board 313. The light
sources 311 may be disposed on the support board 313. The
light sources 311 may be arranged along the second direc-
tion D2. The light sources 311 may generate the light L in
the third direction D3. In an exemplary embodiment, the
light sources 311 may be or may include light emitting
diodes (LEDs). However, exemplary embodiments of the
inventive concept are not limited thereto. The second 1llu-
mination member 320 may have the same structure as that
of the first illumination member 310.

The support board 313 may have a bar shape elongated in
the second direction D2. The illumination moving unit 350
may drive the support board 313. The support board 313
may move 1n the second direction D2 and in a reverse
direction opposite to the second direction D2. In such a
configuration, the light sources 311 may move at the same
time.

The first illumination member 310 may move in the
second direction D2 and 1n a reverse direction opposite to
the second direction D2 in synchronization with movement
of the first optical members 510. For example, when the first
optical members 510 move in the second direction D2, the
first 1llumination member 310 moves in the second direction
D2 at approximately the same time. The first optical mem-
bers 510 and the first i1llumination member 310 may be
substantially the same in terms of moving distance, moving
speed, etc. Accordingly, the light L generated by the first
1llumination member 310 may be uniformly 1rradiated onto
the first optical members 510. Thus, exemplary embodi-
ments of the inventive concept may enhance uniformity of
the light L irradiated onto the first optical members 510,
thus, improving substrate inspection performance of the
substrate mspection system 10.

FIG. 10 1illustrates a plan view showing a substrate
inspection system according to an exemplary embodiment of
the inventive concept. For convenience of explanation, a
turther description of components substantially the same as
those previously described with reference to FIGS. 1 to 7
may be omitted.

Referring to FIG. 10, a substrate mspection system 11
according to an exemplary embodiment of the inventive
concept may include the base 100, the gantry 400, the
floating umt 200, the first substrate transfer unit 1350, the
inspection unit 500, the illumination unit 300, the 1llumina-
tion moving unit 350, the second transter unit 600, and the

controller (see 700 of FIG. 5).
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The second substrate transier unit 600 may include a
plurality of the grip units 610. In an exemplary embodiment,
the grip units 610 may include a pair of grip units spaced
apart from each other across the tloating unit 200. For
example, the grip units 610 may include a first grip unit on
a side of the floating unit 200 and a second grip unit spaced
apart from the first grip unit 1n the second direction D2.
Thus, 1n an exemplary embodiment, there 1s no movement
area (see MA of FIG. 2) running across the floating unit 200
along the first direction D1. The grip units 610 may have the
same structure as each other.

The grip transfer unit 650 may drive the grip units 610 to
move 1n the same direction at approximately the same time.

FIG. 11 1llustrates a plan view showing a substrate inspec-
tion system according to an exemplary embodiment of the
inventive concept. FIG. 12 illustrates a plan view partially
showing the substrate mspection system of FIG. 11 accord-
ing to an exemplary embodiment of the inventive concept.
For convenience of explanation, a further description of
components substantially the same as those previously
described with reference to FIGS. 1 to 7 may be omitted.

Referring to FIGS. 11 and 12, a substrate inspection
system 12 according to an exemplary embodiment of the
inventive concept may include the base 100, the gantry 400,
the floating unit 200, the first substrate transter unit 150, the
inspection unit S00, the i1llumination unit 300, the 1llumina-
tion moving unit 350, the second transfer unit 600, and the
controller (see 700 of FIG. §). The substrate 1nspection
system 12 may further include a plurality of guide members
800.

The guide members 800 may guide movement of the grip
umt 610, while supporting the grip unmit 610. The guide
members 800 may be disposed on the base 100. The guide
members 800 may be disposed within the movement area
MA. The guide members 800 may be arranged along the first
direction D1. The guide members 800 adjacent to each other
may be spaced apart from each other across either the first
1llumination member 310 or the second illumination mem-
ber 320. Therefore, interference may be prevented between
the guide members 800 and the illumination unit 300.

FIG. 13 illustrates a perspective view showing the grip
umt of FIG. 11 according to an exemplary embodiment of
the inventive concept. For convenience of explanation, a
turther description of components substantially the same as
those previously described with reference to FIGS. 7 and 8
may be omitted.

Referring to FI1G. 13, a grip unit 610aq may include the first

orip member 611, the second grip member 612, and the tray
613.
The first grip member 611 may include the first adsorption
pad 6111 and the first support member 6112, and further
include a first guide bar 6115. The first support member 6112
may include the first support stand 6113, the first support
plate 6114, and the first opening OP1.

The first guide bar 6115 may be disposed on the first
support plate 6114. The first guide bar 6115 may be posi-
tioned between the first adsorption pad 6111 and the first
opening OP1. In an exemplary embodiment, the first guide
bar 6115 may be elongated along the first direction D1.

The second grip member 612 may include the second
adsorption pad 6121 and the second support member 6122,
and further include a second guide bar 6125. The second
support member 6122 may include the second support plate
6124 and the second support stand 6123.

The second guide bar 6125 may be disposed on the second
support plate 6124. The second guide bar 6125 may be
positioned between the second adsorption pad 6121 and the




US 10,532,896 B2

15

second opening OP2. In an exemplary embodiment, the
second guide bar 6125 may be clongated along the first
direction D1.

FIG. 14 1llustrates a side view showing the guide member
of FIG. 11 according to an exemplary embodiment of the
inventive concept.

Referring to FIGS. 13 and 14, the guide member 800 may
include a guide groove 810 1nto which the first and second
guide bars 6115 and 6125 are mserted. The guide groove 810
may be elongated along the first direction D1. The first and
second guide bars 6115 and 6125 may move while being
inserted 1nto the guide groove 810. Accordingly, the guide
member 800 may guide movement of the grip unit 610aq.

When the grip transfer unit (see 650 of FIG. 11) accel-
erates or decelerates movement of the grip unit 610q, a first
torce 1n the third direction D3 and a second force in a reverse
direction opposite to the third direction D3 may act on the
second end of the first support plate 6114 and/or the second
end of the second support plate 6124. In a comparative

example, the second ends of the first and second support
plates 6114 and 6124 may be displaced due to the first force
and/or the second force.

As described above, according to exemplary embodi-
ments of the inventive concept, when the grip unit 610a
moves while the first and second guide bars 61135 and 6125
are inserted into the guide groove 810, the guide members
800 support the first and second support plates 6114 and
6124. Accordingly, the second ends of the first and second
support plates 6114 and 6124 may be prevented from being
displaced by the first force and/or the second force.

The guide member 800 may have a height H4 less than a
height H3 of each of the first and second support members
6112 and 6122. The guide member 800 may thus not
interfere when the grip unit 610a holds the substrate. The
height H3 of the first support member 6112 may indicate a
spacing distance between the tray 613 and the top surface
6114a of the first support plate 6114. The height H3 of the
second support member 6122 may indicate a spacing dis-
tance between the tray 613 and the top surface 6124a of the
second support plate 6124.

FIG. 15 1illustrates a perspective view showing the grip
unit of FIG. 1 according to an exemplary embodiment of the
inventive concept. FIG. 16 illustrates a cross-sectional view
showing the grip unit of FIG. 15 according to an exemplary
embodiment of the mventive concept. For convenience of
explanation, a further description of components substan-
tially the same as those previously described with reference
to FIGS. 7 and 8 may be omaitted.

Referring to FIGS. 15 and 16, a grip unit 61056 may
include the first grip member 611, the second grip member
612, and the tray 613.

The first grip member 611 may include the first adsorption
pad 6111 and the first support member 6112, and further
include a first protrusion 6116, a first upper wire 6117, and
a first lower wire 6118. The first support member 6112 may
include the first support plate 6114 and the first support stand
6113.

The first protrusion 6116 may protrude in the third direc-
tion D3 from the top surface 6114a of the first support plate
6114. The first protrusion 6116 may have a pillar shape.
However, exemplary embodiments of the inventive concept
are not limited thereto. The first protrusion 6116 may be
adjacent to the first end of the first support plate 6114. The
first protrusion 6116 may overlap (e.g., vertically overlap)
the first support stand 6113.

The first protrusion 6116 may have a height HS corre-
sponding to a height H6 of the first adsorption pad 6111.
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Accordingly, the first protrusion 6116 may not interfere
when the substrate 1s held on the first adsorption pad 6111.
The first protrusion 6116 may be provided in plural. In an
exemplary embodiment, a pair of first protrusions 6116 may
be provided. The pair of first protrusions 6116 may be
arranged along the second direction D2.

The first upper wire 6117 may connect the first protrusion
6116 to the top surface 6114a of the first support plate 6114.
For example, a first end of the first upper wire 6117 may be
connected to the first protrusion 6116, and a second end of
the first upper wire 6117 may be connected to the top surface
6114a of the first support plate 6114. In an exemplary
embodiment, the second end of the first upper wire 6117
may be adjacent to the second end of the first support plate
6114, and the first end of the first upper wire 6117 may be
adjacent to a top end of the first protrusion 6116. In such a
configuration, the first upper wire 6117 may prevent the
second end of the first support plate 6114 from being
displaced 1n a reverse direction opposite to the third direc-
tion D3.

The first lower wire 6118 may connect the bottom surface
61145 of the first support plate 6114 to the inner surface
6113a of the first support stand 6113. For example, a first
end of the first lower wire 6118 may be connected to the
inner surface 6113a of the first support stand 6113, and a
second end of the first lower wire 6118 may be connected to
the bottom surface 61145 of the first support plate 6114. In
an exemplary embodiment, the second end of the first lower
wire 6118 may be adjacent to the second end of the first
support plate 6114. In such a configuration, the first lower
wire 6118 may prevent the second end of the first support
plate 6114 from being displaced in the third direction D3.

The first end of the first lower wire 6118 may be disposed
higher than the first 1llumination member (see 310 of FIG.
3). For example, a vertical distance H7 between the tray 613
and the first end of the first lower wire 6118 may be greater
than the height (see H1 of FIG. 4) of the first 1llumination
member 310. Accordingly, the first lower wire 6118 may not
interfere when the first illumination member 310 1s mnserted
into the first opening OP1.

The second grip member 612 may include the second
adsorption pad 6121 and the second support member 6122,
and further include a second protrusion 6126, a second upper
wire 6127, and a second lower wire 6128. The second
support member 6122 may include the second support plate
6124 and the second support stand 6123.

The second protrusion 6126, the second upper wire 6127,
and the second lower wire 6128 may be respectively con-
figured substantially the same as the first protrusion 6116,
the first upper wire 6117, and the first lower wire 6118.
Theretfore, a description thereotf will be omuitted.

The {following description describes operation of the
substrate 1nspection apparatus configured as described
above according to exemplary embodiments of the inventive
concept.

FIGS. 17 to 20 1llustrate side views showing the substrate
inspection system of FIG. 1 operating in substrate inspection
according to an exemplary embodiment of the mmventive
concept.

Referring to FIGS. 1, 6, and 17, the first substrate transfer
unit 150 may drive a non-inspected substrate SS to move
onto the tloating unit 200. For example, the elevating part
153 may raise the rollers 151 1n the third direction D3. The
rollers 151 may pass through the through holes TH and then
protrude beyond the floating stages 210, 220, 230, 240, 250,
and 260. The protruded rollers 151 may support the substrate
SS. The rotating part may rotate the rollers 151. When the
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rollers 151 rotate, the substrate SS moves in the {first
direction D1 on the floating unit 200. In this operation, the
substrate SS may be spaced apart from the floating unit 200.

Referring to FIGS. 1 and 18, the elevating part 153 may
lower the rollers 151 1n a reverse direction opposite to the
third direction D3. The floating unit 200 may inject the gas
G toward the substrate SS, causing the substrate SS to float
on the floating umt 200.

The grip unit 610 may hold the floated substrate SS. For
example, the first and second adsorption pads 6111 and 6121
may adsorb the substrate SS.

The 1llumination unit 300 may generate the light LL in a
direction toward the inspection unit 500 and/or the substrate
SS, irradiating the 1nspection umit 500 and/or the substrate
SS with the light L. As described above, the substrate SS
may be transparent to the light L. The optical members 510
and 520 of the mspection unit 300 may recerve the light L
passing through the substrate SS. The optical members 510
and 520 may use the received light L to obtain the image
information (see I of FIG. 5).

For example, the first illumination member 310 may be
disposed between the first and second grip members 611 and
612, and may overlap an intermediate region of the substrate
SS. The first illumination member 310 may generate the
light L. in a direction toward the intermediate region of the
substrate SS, thus, 1rradiating the intermediate region of the
substrate SS with the light L. The first optical members 510
may receive the light L passing through the intermediate
region of the substrate SS.

The second 1llumination member 320 may be mserted 1nto
the second opening OP2. For example, the second 1llumi-
nation member 320 may be disposed within the second
non-overlapping area (see NOA2 of FIG. 8). At this
moment, the second non-overlapping area NOA2 may over-
lap an end region of the substrate SS. The second 1llumina-
tion member 320 may then generate the light LL 1n a direction
toward the end region of the substrate SS, thus, 1irradiating,
the end region of the substrate SS with the light L. The
second optical members 520 may receive the light L passing
through the end region of the substrate SS. Therefore, the
substrate mspection system 10 may inspect the intermediate
and end regions of the substrate SS.

Referring to FIGS. 1 and 19, the grip transier unit 650
may drive the grip unit 610 to move 1n the first direction D1.
The first 1llumination member 310 may then be 1nserted into
the first opening OP1. For example, the first 1llumination
member 310 may be disposed within the first non-overlap-
ping area (see NOAI1 of FIG. 8). At thus moment, the first
non-overlapping arca NOA2 may overlap an opposite end
region of the substrate SS. The first 1llumination member
310 may then generate the light L 1n a direction toward the
opposite end reglon of the substrate SS, thus, irradiating the
opposite end reglon of the substrate SS with the light L. In
addition, as the grip unit 610 moves 1n the first direction D1,
the first 1llumimation member 310 may also generate the
light L 1n a direction toward a first region between the
intermediate and opposite end regions of the substrate SS,
thus, wrradiating the first region between the intermediate
and opposite end regions of the substrate SS with the light
L.

As the grip transfer unit 650 drives the grip unit 610 to
move 1n the first direction D1, the second illumination
member 320 may also generate the light L in a direction
toward a second region between the intermediate and end
regions ol the substrate SS, thus, irradiating the second
region between the intermediate and end regions of the
substrate SS with the light L. Therefore, the substrate
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inspection system 10 may inspect the first region, the second
region, the end region, and the opposite end region of the
substrate SS. As a result, the substrate mspection system 10

may reduce or minimize a non-inspected region(s) of the
substrate SS.

Referring to FIGS. 1 and 20, the elevating part 153 may
raise the rollers 151 1n the third direction D3. The rollers 151
may thus support the substrate SS again. The rotating part
may rotate the rollers 151, and the first substrate transier unit

150 may move the inspected substrate SS in the first
direction D1.

The floating unit 200 may stop injecting the gas G. The
orip transfer unit 650 may drive the grip unit 610 to move
in a reverse direction opposite to the first direction D1. For
example, the grip transfer unit 650 may move the grip unit
610 back to 1ts initial position. After the grip unit 610 moves
back to 1ts initial position, the aforementioned steps may be
repeatedly performed.

According to exemplary embodiments of the mventive
concept, the substrate inspection system described above
may be used to perform a method of manufacturing a
semiconductor device. The method may include, for
example, forming the semiconductor device using the sub-
strate SS, and testing the substrate SS using the substrate
ispection system. Testing the substrate SS may include
floating the substrate SS using the floating unit 200, holding
the substrate SS on the floating unit 200 using the grip umt
610, 1n which the grip unit 610 includes the first grip
member 611 and the second grip member 612 spaced apart
from each other, moving the grip unit 610 by the grip
transier unit 650, generating the light L. by the 1llumination
member 310/320 disposed between the first and second grip
members 611/612, in which the light L 1s 1rradiated onto the
substrate SS, and inspecting the substrate SS tloating on the
floating unit 200 by the inspection unit 300, in which the
light L 1s 1rradiated onto the inspection unit S00 through the
substrate SS, and 1n which the mspection unit 500 1nspects
the substrate SS using the light L 1irradiated onto the mspec-
tion unit 500.

According to exemplary embodiments of the mventive
concept, when the substrate moves while being held 1n the
grip apparatus, interference may be minimized or prevented
between the grip apparatus and the 1llumination unit. Most
regions of the substrate may therefore be irradiated with the
light generated by the i1llumination umt, and as a result, a
non-inspected region(s) of the substrate may be reduced or
minimized.

While the present inventive concept has been particularly
shown and described with reference to the exemplary
embodiments thereof, 1t will be understood by one of
ordinary skill in the art that various changes in form and
detail may be made therein without departing from the spirit
and scope of the mventive concept as defined by the fol-
lowing claims.

What 1s claimed 1s:

1. A substrate mspection system, comprising:

a plurality of floating stages that floats a substrate;

an optical capture device disposed above the plurality of
floating stages, wherein the optical capture device
ispects the substrate that floats on the plurality of
floating stages;

a grip unit disposed below the optical capture device and
comprising a first grip member that holds the substrate
on the plurality of floating stages:

a motor that moves the grip unit 1n a first direction; and
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a light source that generates light, wherein the light source
1s disposed on a moving path of the grip unit, and the
light generated by the light source 1s irradiated onto the
optical capture device,

wherein the first grip member comprises:

a first adsorption pad that adsorbs the substrate; and

a first support member that supports the first adsorption
pad and that comprises a first opening into which the
light source 1s mserted.

2. The system of claim 1, wherein the first support

member comprises:

a first support plate having a top surface and a bottom
surface facing each other; and

a first support stand extending from the bottom surface of
the first support plate,

wherein the first adsorption pad 1s disposed on the top
surface of the first support plate and 1s spaced apart
from the first support stand 1n the first direction,

wherein the first opening 1s disposed below the bottom
surface of the first support plate.

3. The system of claim 2, wherein the first openming

COMprises:

an overlapping area that overlaps the first adsorption pad;
and

a non-overlapping area that does not overlap the first
adsorption pad,

wherein the non-overlapping area 1s disposed between the
overlapping area and the first support stand.

4. The system of claim 1, wherein the grip umt further

COmMprises:

a second grip member that holds the substrate and 1s
spaced apart from the first grip member 1n the first
direction,

wherein the second grip member comprises:

a second adsorption pad that adsorbs the substrate; and

a second support member that supports the second
adsorption pad and that comprises a second opening
into which the light source 1s inserted.

5. The system of claim 4, Wherein the second support

member comprises:

a second support plate having a top surface and a bottom
surface facing each other; and

a second support stand extending from the bottom surface
of the second support plate and spaced apart from the
second adsorption pad in the first direction,

wherein the second adsorption pad 1s disposed on the top
surface of the second support plate,

wherein the second opening 1s disposed below the bottom
surface of the second support plate.

6. The system of claim 3, whereimn the second opening

COmMprises:

an overlapping area that overlaps the second adsorption
pad; and

a non-overlapping area that does not overlap the second
adsorption pad,

wherein the non-overlapping area 1s disposed between the
overlapping area and the second support stand.

7. The system of claim 4, wheremn the light source 1s

disposed between the first grip member and the second grip
member.

8. The system of claim 4, wherein the grip umt further

COmprises:
a tray that connects the first grip member to the second

orip member,
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wherein the first opening 1s disposed between the first
adsorption pad and the tray, and the second opening is
disposed between the second adsorption pad and the
tray.

9. The system of claim 1, wherein the plurality of floating

stages comprises:

a first tloating stage that injects a gas toward the substrate;
and

a second floating stage that injects the gas toward the
substrate, wherein the second floating stage 1s spaced
apart from the first floating stage in the first direction,

wherein the light source comprises a first i1llumination
member disposed between the first and second floating
stages and extending 1n a second direction intersecting,
the first direction.

10. The system of claim 9, wherein the first 1llumination
member comprises a plurality of light sources arranged in
the second direction.

11. The system of claim 9, wherein the plurality of
floating stages further comprises:

a third floating stage that injects the gas toward the
substrate, wherein the third floating stage 1s spaced
apart from the first floating stage in the second direc-
tion; and

a fourth floating stage that injects the gas toward the
substrate, wherein the fourth floating stage 1s spaced
apart from the second floating stage in the second
direction,

wherein the motor drives the grip unit to move between
the first and third floating stages and between the
second and fourth floating stages.

12. The system of claim 11, wherein

the fourth floating stage i1s spaced apart from the third
floating stage in the first direction, and

the first 1llumination member extends between the third
and fourth floating stages.

13. The system of claim 9, wherein the light source further

COmMprises:

a second 1llumination member spaced apart front the first
illumination member 1n the first direction and extend-
ing in the second direction.

14. The system of claim 9, wherein the optical capture

device comprises:

a plurality of first optical members overlapping the first
illumination member and arranged 1n the second direc-
tion.

15. The system of claim 14, wherein

the first optical members move in the second direction,
and

the first 1llumination member moves 1n the second direc-
tion 1n synchronization with movement of the first
optical members.

16. A substrate inspection system, comprising:

a plurality of floating stages that floats a substrate;

a grip umt that holds the substrate on the plurality of
floating stages, wherein the grip unit comprises a first
orip member and a second grip member spaced apart
from each other:

a first 1llumination member disposed between the first and
second grip members, wherein the first i1llumination
member 1rradiates a light onto the substrate; and

a motor that moves the grip unit,

wherein each of the first and second grip members com-
Prises:
an adsorption pad that adsorbs the substrate;
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a support stand disposed below the adsorption pad and
spaced apart from the adsorption pad in a direction
away Irom the first illumination member; and

a support plate connecting the adsorption pad to the
support stand.

17. The system of claim 16, wherein the grip unit further
COmprises:
a tray connecting the first grip member to the second grip
member and spaced apart from the support plate,
wherein the support stand connects the tray to the support
plate.
18. The system of claim 17, wherein the first 1llumination
member 15 disposed between the tray and the support plate.
19. The system of claim 16,
wherein the plurality of floating stages comprises a first
floating stage and a second floating stage spaced apart
from each other, and the first illumination member 1s
disposed between the first and second floating stages,
wherein the first and second floating stages inject a gas
toward the substrate,
wherein the first 1llumination member extends along a
space between the first and second floating stages.
20. The system of claim 19, wherein the plurality of
floating stages further comprises:
a third floating stage spaced apart from the first floating
stage; and
a fourth floating stage spaced apart from the second
floating stage,
wherein the grip unit 1s disposed between the first and
third floating stages, and between the second and fourth
floating stages.
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